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PLASMA-NITRIDATED SELF-ALIGNED 
TUNGSTEN SYSTEM FOR VLSI 

INTERCONNECIIONS 

BACKGROUND OF THE INVENTION 

The disclosed invention generally relates to inte 
grated circuit processing of silicon contacts, and is more 
particularly directed to a process for forming a multi 
layer, low resistance diffusion barrier on silicon 
contacts which requires only one annealing procedure 
and can be achieved in a chemical vapor deposition 
reactor without potentially contaminating and time 
consuming removal therefrom. 
The integrated circuit processing industry has recog 

nized the advantages of forming diffusion barriers of 
low resistivity on silicon contacts. This permits shal 
lower diffusions, and further allows lowering of the 
sheet resistance of polysilicon gates. Further, aluminum 
spiking, the diffusion of the aluminum contact into the 
silicon under high current and/or high temperature 
conditions, is also prevented or signi?cantly reduced. 
Known techniques for forming diffusion barriers on 

silicon contacts include techniques for forming a 
stacked titanium nitride/titanium silicide layer, as spe 
ci?cally shown in US. Pat. No. 4,690,730, issued to 
Tang et al. on Sept. 1, 1987, and assigned to Texas In 
struments Incorporated. 
While the techniques disclosed in US. Pat. No. 

4,690,730 achieve a diffusion barrier of low resistivity, 
important considerations include the following. The 
processing is not self-aligned, and moreover requires 
more than one annealing step. Further, the process does 
not allow nitridation and silicidation to be achieved in 
the same reactor without removal of the wafer in pro 
cess for other intermediate processing. 

‘ SUMMARY OF THE INVENTION 

It would therefore be an advantage to provide a self 
aligned process for forming a diffusion barrier on silicon 
contacts. 
Another advantage would be to provide a self 

aligned a process for forming a diffusion barrier on 
silicon contacts which can be achieved in one reactor 
without removing the wafer therefrom. 
The foregoing and other advantages and features are 

provided in the process of the invention for forming a 
diffusion barrier on exposed silicon and polysilicon 
contacts of an integrated circuit, said process including 
the steps of (a) chemically vapor depositing a layer of 
tungsten in a self-aligned manner on the exposed 
contact areas in a deposition reactor, (b) maintaining the 
wafer in the deposition reactor, and (c) transforming the 
deposited layer of tungsten to form tungsten nitride and 
tungsten silicide layers. 

BRIEF DESCRIPTION OF THE DRAWING 

The advantages and features of the disclosed inven 
tion will readily be appreciated by persons skilled in the 
art from the following detailed description when read in 
conjunction with the drawing wherein: 
FIGS. 1A through 1C are schematic partial sectional 

views which are helpful in illustrating the process of the 
invention. 
FIG. 2 is a process flow diagram illustrating a typical 

process for carrying out the invention. 
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DETAILED DESCRIPTION 
In the following detailed description and in the sev 

eral ?gures of the drawing, like elements are identi?ed 
with like reference numerals. 

Referring now to FIG. 1A, shown therein is a portion 
of an integrated circuit wafer 10 which is undergoing 
processing, and which includes a silicon substrate 10 
having source and drain regions 13, 15 formed therein. 
Field oxide regions 17 separate the source and drain 
regions 13, 15 from similar regions of other devices to 
be formed (not shown). 
A gate oxide layer 19 is disposed on the top surface of 

the substrate 11 between the source and drain regions 
13, 15, and a polysilicon gate 21'having smaller lateral 
dimensions is formed thereon. An oxide spacer 23 that is 
laterally coextensive with the gate oxide layer 19 sur 
rounds the polysilicon gate 21. 
The structure of the integrated circuit wafer 10 

shown in FIG. 1A is made pursuant to known proce 
dures, which can include growing gate oxide, deposit 
ing a blanket layer of polysilicon, masking and etching 
the polysilicon, depositing a low temperature oxide, 
etching the low temperature oxide to form the oxide 
spacer, implanting the source and drain regions, and 
annealing. ' 

Referring to FIG. 1B, and also to FIG. 2 which illus 
trates a typical process for carrying out the invention, 
the integrated circuit wafer illustrated in FIG. 1A is 
cleaned, for example, in a hydrogen ?uoride (HF) solu 
tion, and then placed in a cold wall, low pressure chemi 
cal vapor deposition reactor for the chemical vapor 
deposition of a tungsten layer 25 on the exposed sur 
faces of the source and drain regions 13, 15 and the 
polysilicon gate 21. Specifically, tungsten is chemically 
vapor deposited by introducing tungsten hexafluoride 
(WF6) gas, silane (SiH4), and hydrogen (H2).under the 
following conditions: 

WF6: 25 sccm 
SiH4: 6 sccm 
H2: 100 sccm 
Pressure: 200-500 mTorr 
Temp: 250°—350° C. 
Time: 20-60 sec. 

where sccm represents Standard Cubic Centimeter per 
Minute. 
The amount of time utilized will depend on the de 

sired thickness, and a processing time of about 20 sec 
onds with the foregoing parameters provides a thick 
ness of approximately 500 Angstroms. 
The foregoing chemical vapor deposition of tungsten 

is self-aligned and does not require masking since tung 
sten selectively deposits on silicon and polysilicon, but 
not on oxide. Substantially no silicon is reduced in the 
vertical direction (called silicon consumption) or in the 
lateral direction (called lateral encroachment), which is 
believed to be the result of utilizing silane in the vapor 
deposition process. 

Referring now to FIG. 1C, the deposited tungsten 
layer 25 is transformed into stacked tungsten nitride and 
tungsten silicide layers 25a, 25b in the same reactor 
utilized for the chemical vapor deposition of the tung 
sten layer 25. 

Referring further to FIG. 2, after the requisite tung 
sten deposition time has elapsed, the flow of gases into 
the reactor chamber is stopped, and concurrently (1) 
the reactor chamber is evacuated and (2) the radiant 
heater is controlled to increase the chamber tempera 
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ture, as indicated by the lowermost curve of FIG. 2. 
When the reactor pressure reaches about 20 mTorr, 
which for example might be about 10 seconds after the 
start of evacuation, nitrogen (N2) is introduced at a rate 
of about 50-100 sccm, while the radiant heater contin 
ues to increase the temperature. At about 20 seconds t 
after the start of evacuation, at a chamber pressure of 
about 200 mTorr and a temperature of about 675° C., 
RF power at about 25—200 watts is provided to subject 
the wafer 10 to plasma for nitridation. The elevated 
temperature at or above about 675° C. also causes the 
formation of tungsten silicide for the tungsten silicide 
layer 25b. The plasma is generated for about 1-3 min 
utes, during which the temperature is maintained at 
about 750° C. After the RF power is turned off, the 
temperature is maintained at about 750° C. for an addi 
tional annealing time period, which continues and com 
pletes the formation of the tungsten silicide layer 25b. 
The additional annealing time period will depend on 

the thickness of the tungsten layer 25, as well as the 
temperature utilized. A thicker tungsten layer requires 
more time, as does the use of a lower temperature. Typi 
cally, the time period from the start of the plasma nitri 
dation to the end of the annealing process will be in the 
range of l-5 minutes. 

Alternatively, the continued annealing after plasma 
nitridation can be achieved in a rapid thermal annealing 
apparatus which is capable of rapidly increasing the 
operating temperature. For example, annealing can be 
achieved with a time of about 30 seconds, including the 
time for increasing the temperature to about 
l000°~l200° C. 
As a further alternative, the integrated circuit wafer 

10 can be removed from the reactor after plasma nitri~ 
dation, and then placed in a furnace for about 30 min 
utes, including time for increasing the temperature to 
about 900° C., to complete the formation of the tungsten 
silicide layer 25b. The longer time period is required 
since the time necessary to increase the temperature in 
a furnace is typically longer than that of a reactor or a 
rapid thermal anneal apparatus. 

It should be noted that prior to introduction of the 
nitrogen gas for nitridation, the reactor chamber could 
be back?ll flushed with argon, but such additional step 
would increase processing time. Also, the time required 
for plasma nitridation depends on the desired thickness 
of the tungsten nitride layer. However, this thickness 
will not exceed about 500 Angstroms even if the plasma 
is generated for more than ?ve minutes. 
The resulting tungsten nitride layer 25a provides 

good compatibility with aluminum metallization for 
reduced resistivity, and provides a good barrier against 
aluminum spiking and silicon diffusion. The tungsten 
nitride layer further functions as a barrier to prevent the 
oxidation of the tungsten disilicide and any remaining 
tungsten during any subsequent annealing processes. 
The tungsten silicide layer 25b provides low contact 

resistivity, and further provides a stable interface with 
silicon since with the foregoing process the tungsten 
silicide formed averages WSix=2,3 when fully annealed. 
The foregoing has been a disclosure of a self-aligned 

process for forming a diffusion barrier on silicon and 
polysilicon contacts, and such process is advanta 
geously realized in a chemical vapor deposition reactor 
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without removing the integrated circuit wafer in pro 
cess from such reactor. The disclosed process ef? 
ciently avoids the complexities of known techniques 
and provides for a diffusion barrier having good con 
ductive and barrier characteristics. 
Although the foregoing has been a description and 

illustration of speci?c embodiments of the invention, 
various modi?cations and changes thereto can be made 
by persons skilled in the art without departing from the 
scope of the invention as de?ned by the following 
claims. 
What is claimed is: ' 
1. A process for forming a diffusion barrier on ex 

posed silicon and polysilicon contacts of an integrated 
circuit wafer, the process comprising the steps of: 

depositing a layer of tungsten on the exposed contact 
areas; and 

transforming the deposited layer of tungsten to form 
stacked, laterally co-extensive tungsten nitride and 
tungsten silicide layers. 

2. The process of claim 1 wherein the step of deposit 
ing a layer of tungsten includes the step ‘of chemically 
vapor depositing tungsten. 

3. The process of claim 2 wherein the step of chemi 
cally vapor depositing tungsten includes the step of 
applying a gas mixture including silane, hydrogen, and 
tungsten hexa?uoride. 

4. The process of claim 3 wherein the step of chemi 
cally vapor depositing tungsten is performed at a tem 
perature between 250° C. and 450° C. 

5. The process of claim 1 wherein the step of trans 
forming includes the steps of: ' 

nitridating the layer of tungsten; and 
heat treating the nitridated layer of tungsten. 
6. The process of claim 5 wherein the step of nitrida 

tion includes the step of plasma nitridation. 
7. The process of claim 5 wherein the step of heat 

treating includes the step of heating above 600° C. 
8. A process for forming a diffusion barrier on ex 

posed silicon and polysilicon contacts of an integrated 
circuit, the process comprising the steps: 

chemically vapor depositing a layer of tungsten in a 
self-aligned manner on the exposed contact areas in 
a deposition reactor; ' 

maintaining the wafer in the deposition reactor; and 
transforming the deposited layer of tungsten to form 

stacked, laterally co-extensive tungsten nitride and 
tungsten silicide layers. 

9. The process of claim 8 wherein the step of chemi 
cally vapor depositing tungsten includes the step of 
applying a gas mixture including silane, hydrogen, and 
tungsten hexa?uoride. 

10. The process of claim 9 wherein the step of chemi 
cally vapor depositing tungsten is performed at a tem 
perature between 250° C. and 450° C. 

11. The process of claim 8 wherein the step of trans 
forming includes the steps of: 

nitridating the layer of tungsten; and 
heat treating the nitridated layer of tungsten. 
12. The process of claim 11 wherein the step of nitri 

dation includes the step of plasma nitridation. 
13. The process of claim 11 wherein the step of heat 

treating includes the step of heating above 600° C. 
‘k * * i 1k 


